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Cell adhesion to extracellular matrix (ECM) is an important event that 
influences a nttmber of phenomena such as tissue integrity, morphogenic 
development, wound healing, cell migration, metastasis and the inflammatory 
response. Cells adhere to the ECM through specific adhesion receptors such as 
the integral membrane protein, integrin (reviewed in 1,2). The integrins are a 
superfamily of heterodimers composed of an a  subunit and a p subunit held 
together by non-covalent interactions. These receptors, found in virtually every 
cell type, mediate adhesion to the ECM through the recognition of specific
sequences such as arg-gly-asp (RGD) that exist on their extracellular ligands, 
such as fibronectin or laminin (3,4).
Although the interaction of integrin with the ECM is well understood, 
much of the interactions between integrin and the cytoplasm are poorly 
understood, or simply unknown. Current knowledge of the interactions between 
integrin and cytoplasmic proteins are based on studies of focal adhesion 
structures in cultured fibroblasts. Focal adhesions are specialized regions of the 
plasma membrane in closest juxtaposition to the underlying substrate that serve 
to anchor actin stress fibers. Integrin lies at the center of the focal adhesion and is 
linked to the actin stress fibers indirectly through a myriad of proteins (figure 1), 
Among these proteins found in the focal adhesion are talin, vinculin, a-actinin, 
paxillin, protein kinase C, pp60src, zyxin, and the focal adhesion kinase (pp!25 
FAK) (5,6,7,8,9). These proteins serve either structural functions, like talin, or 
signalling functions, like protein kinase C.
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There are many focal adhesion-tike Junctions that exist in vim . The zonula 
adherens junctions between adjacent epithlial ceils is outwardly similar to a focal 
adhesion, although the protein composition of these cell-cell junctions differs 
slightly. (10). The dense plaque of smooth muscle cells which serves as a junction 
between the extracellular matrix (ECM) outside the cell and the contractile 
microfilament apparatus on the inside (11) is a more analogous structure, known 
to contain at least vinculin, talin, and integrin (12,13,14).- In skeletal muscle, there 
are an abundance of junctional regions such as the myotendinous junction, the 
neuromuscular junction, focal adhesions, costameres, and a recently described 
dystrophin lattice along the sarcolemma (15). These junctions all contain proteins 
known to localize in focal adhesions.
Unfortunately, there are several problems which hinder the study of focal 
adhesions, which also extrapolate to the the study of these focal adhesion-like 
junctions. Focal adhesions are huge macromolecular structures, approximately 
2-10 pm in length and 0.25-0.5 pm in width (16), larger than some organelles. In 
addition, a focal adhesion is a sophisticated complex of proteins with 
questionable stability. For example, the initial experiments elucidating the 
interaction of talin with integrin were successful when using equilibrium gel 
filtration but unsuccessful when using overlay assays or sucrose gradient density 
centrifugation (17). Finally, there has been a lack of procedures for purification 
of the entire focal adhesion complex that yield sufficient material for biochemical 
analysis. Although the integrin itself can be readily purified, the purification 
steps involved are too harsh to maintain focal adhesion integrity. Clearly, much 
experimentation must be done to develop appropriate buffer conditions if the 
conventional purification steps are to be followed. We proposed to alleviate the
problem of complex instability during the purification process by using 
homobifunctional chemical cross-linking.
The homobifunctional chemical cross-linking reagent, ethylene glycol 
bis(succimidylsuccinate), or EGS (figure 2), belongs to a class of N- 
hydroxylsuccinamide (NHS) esters that were first introduced as cross-linking 
reagents in the mid-1970s (18,19). These proved useful because of their reactivity 
at physiological pH and their relatively long half lives in aqueous media. These 
NHS esters, such as EGS, will react with primary amine functions of e amino 
groups on lysine, or available N-terminal amines. At pH 7-9, the amino group on 
a particular ligand will react with the NHS ester to form a stable amide bond, 
releasing N-hydro\ysuccinimide as a by-product (figure 3). EGS has been used 
previously by other groups for various applications with success (20,21,22,23).
We proposed to use EGS to elucidate what other proteins may be 
interacting with integrin in these junctions. Using the cross-linking reagent to 
covalently link together proteins in close proximity to one another would 
certainly reduce the problem of protein complex breakdown during the 
purification procedure.
As our experimental system, we used skeletal muscle from 11 day chicken 
embryo . The muscle tissue is highly organized and the known focal adhesion­
like junctions are present. Most, if not all, the proteins known to localize in focal 
adhesions are also present in muscle tissue. Although embryonic tissue has some 
ECM, it is not present in the same amounts that exist in adult muscle tissue. 
Hence, the cells are not "trapped” in a scaffolding of ECM proteins that would 
hinder the cross-linking reagent's access to the cytoplasm. Antibodies against the 
various chicken focal adhesion proteins are readily available. These are useful in
the purification and dissection of integrin-cytoskeletal linkage complexes. A 
disadvantage to this system is that embryonic chickens are small so obtaining 
enough muscle tissue to perform biochemical analysis on requires much effort 
After completion of the cross-linking, we will affinity purified the (11 
subunit of integrin and analyzed the proteins that were covalently attached, in 
the hopes of finding novel integrin-associated proteins. Presumably, the 
cytoplasmic proteins interacting with integrin would serve either structural or 
signalling functions, making them very interesting to study.
MATERIALS AND METHODS
Tissue preparation
Breast and leg muscle tissue from 11 day chicken embryos were dissected 
out, placed in a solution containing 1 mg/ml collagenase in PBS + 1 mM CaCl 
and incubated for 20 minutes at 37° C on a Nutator (Clay Adams, Parsippany 
NJ). The resulting suspension was then centrifuged at 1000 x g for 10 min at 4°C . 
The supernatant was decanted and the remaining pellet was resuspended in 
PBS+ 5 mM EDTA to stop the collagenase reaction. This procedure was repeated 
two more times. Next, the suspension was recentrifuged, the supernatant 
decanted, and the pellet resuspended in PBS. This was also repeated two more 
times. The tissue suspension was then cross-linked.
Cross-linking
Pierce, Rockford IL) was made to a concentration of 65 mg/ml in DMSO and 
added to the tissue suspension resulting in a final EGS concentration of 2 mg/mt. 
The suspension was incubated at 25°C on a Nutator. After die incubation 
period, the cross-linking reaction was quenched by the addition of 2 M NH4OAC. 
The suspension was centrifuged at 1000 x g for 10 min at 4° C, the supernatant 
decanted, and the remaining pellet resuspended in PBS. This procedure was 
repeated twice more to remove the excess cross-linking reagent.
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Affinity purification of intcgrin/cross-linked complex
Purification of the integrin/cross-linked protein complex was performed 
by method of Knudsen et. a l  (24) with modifications. One volume of pellet was 
resuspended in 4 volumes extraction buffer (10 mM Tris-HOAc pH 8.0,0.15 M 
NaCl, 1 mM CaCl2, 0.5% Triton X-100,0.02% NaNj, 1,0 ng/ml pepstatin A,
O.lpg/ml leupeptin, 1.0 mM 1,10-phenathroline, 0.2 mM PM5F) and 
homogenized with a Polytron (Brinkmann, Westbury, NY). The homogenate 
was allowed to sit on ice for 15 min, then centrifuged at 27,000 x g for 20 min at 
4° C. The supernatant was brought to 20 mM acetic acid and stirred on ice for 1 
hour to precipitate actin. The extract was centrifuged again at 27,000 x g for 20 
min at 4° C and the resulting supernatant was neutralized to pH 8.0 with 1 M 
Tris. This extract was then passed over a 3.5 ml W1B10 anti-pi integrin column 
at 4° C. The column was extensively washed with 30 column volumes of wash 
buffer (10 mM Tris-HOAc pH 8.0,0.15 M NaCl, 1 mM CaCl2, 0.1% Triton X-100, 
0,02% NaNj) and 10 column volumes of 1 M NaCl wash buffer (10 mM Tris- 
HOAc pH 8.0,1 M NaCl, 1 mM CaCl2, 0.1% Triton X-100,0.02% NaNj). The 
column was then eluted with 50 mM diethylamine in wash buffer, with the 
detergent decreased to 0.02% Triton X-100. Fractions were neutralized to pH 7.0 
with concentrated acetic acid and pooled. Samples were concentrated before all 
assays using Centriprcp 10 concentrators (Amicon, Danvers, MA).
Protein assays
Protein assays were done using the BCA protein assay reagent (Pierce, 
Rockford, 1L). The manufacturer s protocol was followed, with the minor 
modification in the proportional reduction of both reagent and sample volumes.
Protein electrophoresis
SDS-PAGF was performed by the method of Laemmli (25). Separating 
gels were either 7% acrylamide or 4-15% acrylamide, with 3% acrylamide 
stacking gels. Samples were prepared in sample buffer (62.5 M Tris-HCl pH 6.8, 
10% glycerol, 2.0% SDS) and boiled for 3 min before being loaded onto the gel. 
Gels were stained either with commassie blue (0.025% Brilliant Blue R, 40% 
MeOH, 7% HOAc) or with silver stain (Bio-Rad silver stain kit, Bio-Rad, 
Richmond CA)
Western immimoblots
SDS-PAGF. was performed as described above. The proteins were 
electrophoretically transferred from the gels to nitrocellulose membranes 
(Schleichter and Schuell, Inc) at 400 mA for 1 h using a Hoefer Transphor unit 
(Hoefer Scientific Instruments, San Francisco, CA). The transfer buffer consisted 
of 25 mM Tris, 19 mM glycine, and 20% methanol. After blocking the 
membranes with 3% nonfat dry milk in TS buffer (20 mM Tris-HCl pH 7.4,150 
mM NaCl, 0.02% NaN-0 for 1 hour, the blots were developed as described by 
Bozyczko, et al. (26) with minor modifications. The wash steps were performed 
with TS buffer (20 mM Tris-HCl pH 7.4,150 mM NaCl, 0.02% NaNO, and IT S  
buffer (20 mM Tris-HCl pH 7.4,150 mM NaCl, 0.1% Tween 20,0.02% NaNj).
The VectaStain alkaline phosphatase kit (Vector Labs, Inc., Burlingame, CA) was 
used to detect the transferred proteins of interest. All antibodies were diluted in 
3% nonfat dry milk in TS buffer. The purified primary antibodies were used at a
concentration of 20 pg/ml, while the antisera were used at the specified dilution 
( 1: 1000).
Antibodie$
W1B10 monoclonal antibody (mAb), V9C3 mAb, and polyclonal Ab 814 
were prepared as described by Hayashi, et. at. (27). A2F7 mAb was prepared as 
described by Muschler, et. at. (28). Rabbit anti-chicken a-actinin was a gift of K. 
Burridge (UNC, Chapel Hill, N O . Rabbit anti-chicken talin and anti-chicken 
vinculin was obtained by immunizing rabbits with talin and vinculin purified by 
the method of OHalloran, et. at. (29).
Hydroxylamine cleavage of cross-linked complex
A stock solution of hydroxylamine was made to a concentration of 2 M in 
PBS, pH 8.5. This was added 1:1 (v/v) with protein sample to achieve a final 
hydroxylamine concentration of 1 M and allowed to incubate for 3-6 hrs at 37° C
12 'I labeling of cross-linked complex
The purified cross-linked complex was 1251 labeled using lodogen (Pierce, 
Rockford, ID  and passed over a G25 fine Sephadex (Pharmacia, Piscataway, NJ) 
column. Fractions were collected, pooled and concentrated. Samples were then 
either prepared for SDS-PAGE or subjected to hydroxylamine cleavage, then 
prepared for SDS-PAGE. After the SDS-PAGE was completed, the gel was dried 
and exposed to x-ray film (Eastman Kodak, Rochester, NY).
Immunization o f mice
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Nine-week-old female Balb/c mice were immunized several times with 
30-50 |4g of purified cross-linked complex. For the first immunization, the 
antigen was mixed 1:1 with Freunds complete adjuvant (Gibco Laboratories; Life 
Technologies Inc, Grand Island NY) to a final volume of 0.5 ml/mouse and 
injected into the peritoneal cavity (30). Subsequent immunizations were 
identical, except Freund's incomplete adjuvant was used. Sera from the mice was 
taken 10-14 days after each immunization and assayed.
Testing of mouse antisera
The mouse antisera were tested using dot blots (Bio-Dot apparatus, Bio- 
Rad, Richmond, CA) and slot western immunoblots (Miniblotter 28, Immunetics, 
Cambridge, MA). For the dot blots, a nitrocellulose membrane was assembled 
into the apparatus and 11 day chick embryo extract were aliquotted into the 
wells at a concentration of 1 ng/well and drawn onto the filter by vacuum. The 
membrane was removed and blocked with 3% nonfat dry milk in TTS for 1 hour 
and reassembled into the apparatus. Antisera from the mice were diluted 
serially in TS, applied to the wells and allowed to incubate for 30 min. After 
rinsing the antisera from the wells, the membrane was removed and developed 
according to the immunoblot procedure.
For the slot western immunoblots, SDS-PAGE was performed as described 
above, with 10 of 11 day chicken embryo extract loaded across the entire 4- 
15% acrylamide gradient gel. The proteins were transferred to a nitrocellulose 
membrane as described previously and the membrane blocked with 3% nonfat 
dry milk in TTS. The membrane was then assembled into the slot blot apparatus
and incubated for 1 hour with serial dilutions of the mouse antisera as well as the 
antibodies against various control proteins. After rinsing the antisera and 
antibodies from the slots, the membrane was removed and developed according 
to the immunoblot procedure.
W1BW purification
Ascites fluid was obtained from mice after previous interperitoneal 
injection with the W1B10 hybridoma clone. The ascites was brought to 50% 
saturated ammonium sulfate and stirred overnight at 4° C  The suspension was 
centrifuged at 10,000 x g for 30 min at 4 ° C  The supernatant was decanted and 
the pellet was resuspended in PBS. The ammonium sulfate was removed by 
dialysis. The sample was then loaded onto the MAI’S II column (Bio-Rad, 
Richmond, CA) and the manufacturer s protocol was followed. Antibody 
containing fractions were analyzed at 280 nm and the peak fractions were 
pooled. A BCA protein assay was used to quantitate the amount of protein 
present in the pooled elution.
W1BU) affinity column preparation
The W1B10 affinity column was prepared by coupling 4.4 mg/ml pure 
W1B10 to CNBr-activated Sepharose 4B (Pharmacia, Piscataway NJ) as per the 
manufacturer's protocol. The WIBlO-coupled sepharose beads were packed into 
a 5 ml Bio-Rad econo-column (Bio-Rad, Richmond CA) and were allowed to 
settle by gravity resulting in a final bed volume of 3.5 ml. The column was 
equilibrated with 10 column volumes of wash buffer before sample loading
RESULTS
Creation of cross-linked complex
Initially, the amount of cross-linking reagent needed as well as the 
incubation time had to be determined. A concentration dependence and time 
dependence was performed. Muscle tissue from 11 day old chicken embryo was 
prepared and cross-linked using various EGS concentrations ranging from 0.1 
mg/ml to 2.0 mg/ml, with incubation times of either 10 or 20 minutes. After the 
cross-linking, the integrin was purified and subjected to western immunoblot 
analysis using the polyclonal antibody 814, which recognizes the (J] subunit of 
integrin (figure 4). Lanes containing the purified cross-linked complex showed 
the presence of three bands. The molecular weights of these bands were 
approximately 110 kD, 211 kD, and >250 kD. The lane containing the negative 
control for crosslinking (DMSC) only) showed the presence of only one band with 
an apparent molecular weight of 110 kD. When comparing staining intensity of 
bands with respect to incubation times, staining of the upper two bands (211 kD, 
>250 kD) was more intense in the samples that were incubated for 20 min. With 
respect to ECS concentration, the staining intensity of the upper bands increases 
when going from low EGS concentration to high EGS concentration, although the 
staining intensities seem to plateau at high concentrations of EGS, occurring 
somewhere between 1 mg/ml and 2 mg/ml. We also observed a decrease in 
staining of the lower band at 110 kD with increasing EGS concentration and 
incubation time.
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Analysis of proteins cross-linked to the (il subunit of integrin.
To identify the proteins present in . omplex, purified cross-linked 
complex was subjected to SDS-PAGE and subsequent western immunoblot 
analysis. When blotting with A2F7, a monoclonal antibody directed against the 
a5 subunit of integrin, only one band was detected in lane containing the 
purified cross-linked complex (figure 5). The control lane, containing chicken 
tendon fibroblast extract, showed the presence of one band as well. The apparent 
molecular weight of both bands was approximately 140 kD.
Polyclonal antibodies directed against a-actinin detected no bands in the 
lanes containing the purified cross-linked complex (figure 6). However, they did 
react with the positive control, chicken tendon fibroblast extract, staining a major 
band with the apparent molecular weight of 100 kD as well as several minor 
bands.
In addition, polyclonal antibodies specific for vinculin did not stain any 
bands in the purified cross-linked complex containing lanes (figure 7). The anti- 
vinculin antibody stained a major band with the apparent molecular weight of 
116 kD in the positive control lane. Several other minor bands were present, 
which is merely part of the anti-vinculin staining pattern.
Purified cross-linked complex was then cleaved by hydroxylamine and 
subjected to SDS-PAGE with subsequent western immunoblot analysis. Whereas 
before, A2F7 was able to recognize one band when blotted against purified cross- 
linked complex, now it did not react with any proteins present in the 
hydroxylamine cleaved complex (figure 5). More interesting is that the mAh
V9C3, which recognizes the (il subunit of integrin and blots identical to 814, 
stained the same three bands recognized by 814 when blotted against purified 
cross-linked complex, but failed to stain any proteins present in the 
hydroxylamine cleaved complex (figure 8),
The hydroxylamine cleaved complex was then blotted with antibodies 
directed against a-actinin and vinculin. With the a-actinin antibodies, no bands 
were detected (figure 6). The vinculin antibodies also failed to stain any bands 
on the western blot (figure 7).
Since the immunoblot analysis was largely inconclusive approaches were 
taken to just identify the number and weights of the protein(s) involved in the 
complex. Purified cross-linked complex and cleaved cross-linked complex were 
subjected to SDS-PAGE. After silver staining, the gels showed no bands in either 
lane. At this time, a massive "scaling up" procedure to isolate large amount of 
purified cross-linked complex had not yet been worked out, so we turned to 
more sensitive detection techniques. 12^ 1 labeling was employed to detect the 
proteins after SDS-PAGK. Purified cross-linked complex was labeled with 12M, 
separated from unincorporated label, concentrated, and subjected to SDS-PAGE. 
Unfortunately, the autoradiogram did not show any bands of interest (figure not 
shown). They did, however, show a smear, along the entire lane.
Immunization of mice xcitft purified cross-linked complex
Because of the difficulties encountered earlier, it was decided to make 
monoclonal antibodies against the cross-linked complex in the hopes that they 
could be used to characterize the proteins involved in the complex. Nine-week- 
old female Balb/c mice were immunized three times with 30-50 gg of purified
ross-linked complex, with antisera samples taken from the mice after the 
injections. Not suprisingly, the antisera tested positive against chicken extract 
when dot blotted (figure 9). The antisera show a positive staining even at a 
dilution of 1:40000. Nonspecific binding of antisera, tested by binding to bovine 
serum albumen (BSA) occurs out to an antisera dilution of 1:640 (figure 10).
The slot Western immunoblot (figure 11) was performed against chicken 
extract. The antisera stains one major band on the blot. This band has an 
apparent molecular weight of 110 k ll  There is also the presence of higher 
background staining when using the lower dilutions of the antisera such as the 
1:2560 dilution.
DISCUSSION
Complex formation results from cross-linking
One of the major disadvantages of chemical cross-linking is the occurrence 
of random cross-linking. This is a problem that cannot be avoided, although it 
can be reduced to some extent by working out optimum cross-linking conditions. 
Initial cross-linking experiments involved time dependence and HGS 
concentration dependence on the extent of cross-linking. During the 
concentration course experiment, we saw an increase in staining of the 211 kD 
and >250 kD band and a decrease in staining of the 110 kD band. The increase in 
the upper band staining shows that with higher HGS concentration, there is a 
larger amount of cross-linked complex formed. The decrease in staining of the 
lowest band seemed to show that the amount of monomeric pi subunit was 
being depleted to form the cross-linked complexes. The time course experiment 
seemed to indicate that with longer incubation times, greater amount of cross- 
linked complexes were being formed.
It appeared that the optimum conditions for cross-linking were an HGS 
concentration of 2 mg/ml and an incubation time of 20 min at 25° C. Using these 
conditions, we saw identical results in subsequent experiments. We can 
conclude from this that our cross-linking conditions result in an increase of 
consistent and reproducible cross-linking, as opposed to random, inconsistent 
cross-linking. Therefore, it seemed very reasonable to use these conditions 
throughout the rest of the experiments.
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The identity of the 110 kD band corresponds to the monomeric (31 integrin. 
We know this because the 110 kD band is present in both the cross-linked 
complex containing lanes and the control lanes. Since we probed using the 
polyclonal antibody 814, which specifically recognizes the ($1 subunit of integrin, 
we can conclude that the upper two bands of approximately 211 kD and >250 kD 
must consist of protein cross-linked to the (31 subunit. In addition, this cross- 
linking is not some artifact resulting from the western immunostaining, because 
of the absence of these two bands in the control lane.
We were most interested in the proteins present in the higher molecular 
weight complexes. If the molecular weight of the monomeric (51 subunit (110 kD) 
is subtracted from the molecular weights of the complexes, values of 
approximately 101 kD and 140 kD are obtained for the molecular weights of the 
proteins cross-linked to the (31 integrin subunit. The potential candidates for 
these proteins were the «5  subunit of integrin (150 kD), vir ilin (116 kD), a- 
actinin (100 kD), or even another (31 integrin subunit (110 kD).
Difficulties in characterizing the cross-linked complex.
The most likely candidate for the protein cross-linked to the (31 integrin 
subunit was a5, because «5(3l is the most highly expressed integrin in 11 day 
chicken embryo skeletal muscle (31). But an o5(3l complex would only account 
for the higher molecular weight band at >250 kD, so antibodies against vinculin 
and a-actinin were used to see if they were present as well. In general, we were 
looking for the staining of bands that co-localized with either of the 211 kD and 
>250 kD bands. There was also the possibility that there were entirely different
proteins cross-linked to the (51 integrin subunit. When blotting with A2F7, a 
mAb directed towards the chicken cx5 subunit of integrin, one band was detected 
in the lane containing purified cross-linked complex. The apparent molecular 
weight of this band was 15C kD, which corresponded to the monomeric a5 
integrin subunit. This staining was expected because 06 will co-purifiy with the 
(il subunit when it is affinity purified. Unfortunately, we did not see any co- 
localisation of bands with the higher molecular weight complexes. However, it 
is rash to conclude that «5 is not present in these complexes. It is possible that 
the antibodies could have been blocked from their epitopes, resulting in a false 
negative result.
Polyclonal antibodies directed against a-actinin detected no bands in the 
lanes containing the purified cross-linked complex. In addition, polyclonal 
antibodies specific for vinculin did not stain any bands in the purified cross- 
linked complex containing lanes. As these are polyclonal antibodies, the absence 
of staining is most likely caused by the absence of both a-actinin and vinculin in 
the cross-linked complex, as opposed to absence of staining caused by epitope 
blockage
To eliminate the possibilty that epitope blockage was giving rise to a false 
negative result, hydroxylamine cleavage was employed and the western 
immunoblotting repeated. After hydroxylamine cleavage, there was no detection 
of any proteins on the blot by the mAb A2F7, the control antibody mAb V9C3, or 
the antibodies against a-actinin and vinculin. Although the lack ot binding by 
the a-actinin and vinculin antibodies was somewhat expected, the results 
obtained when blotting with A2F7 and V9C3 were very surprising. This lack of 
antibody recognition could be due to epitope destruction or protein breakdown
resulting from the presence of hydroxylamine, which has the potential to cleave 
proteins at asp-gly residues (32).
We tried to circumvent these characterization problems, specifically the 
lack of antibody recognition, by performing SDS-PAGE and looking just at the 
molecular weights of the cross-linked complex before and after hydroxylamine 
cleavage. Using commassie blue staining and silver staining, we encountered 
slight detection problems because the staining was not sensitive enough. We 
next tried 12^ I labeling of the protein to skirt the detection problem. This was met 
with labeling problems, specifically the lack of labeling. Because of the risk of an 
undergraduate performing many labeling reactions, different 
characterization techniques were employed.
We turned to the production of monoclonal antibodies against the 
proteins involved in the cross-linked complex. After three immunizations with 
cross-linked complex, the mouse antisera tested positive when dot blotted 
against chicken extract. The slot western blots using the same antisera showed 
that it reacted with a protein with a molecular weight of 110 kD. Unfortunately, 
this was just the pi integrin subunit. The antisera did not appear to react with 
any other proteins present on the nitrocellulose. This lack of favorable response 
could be due to the fact that the proportion of cross-linked complex to the 
monomeric pi integrin subunit was very small. In addition, the pi subunit is 
very immunogenic, so perhaps the response to it was so overwhelming that it 
effectively masked any potential antibodies against other proteins present in the 
cross-linked complex. Because of the lack of antibody production against any 
other proteins besides the pi subunit, the splenic fusion was not performed, and 
no monoclonal antibodies were produced.
Conclusions and Future Directions
We believe that it is most likely that either a5 is cross-linked to the pi 
subunit or pi is cross-linked to itself (Pl-pi complex) after the cross-linking 
reaction, but it is difficult to make any concrete conclusions with the data we 
have at hand. Although we can conclude that a-actinin and vinculin are not 
present in our complex, we cannot come to any conclusions regarding the 
identities of the proteins that are present
To elucidate the identities of the proteins cross-linked to the pi integrin 
subunit, it is imperative that the hydroxylamine cleavage conditions are 
optimized. Once this is accomplished, a successful characterization of the 
proteins can proceed. For example, the western immunoblots could be repeated 
without the concern of epitope destruction.
After successful hydroxylamine cleavage, if the mAb A2F7 still fails to 
recognize any proteins in the complex, then we could conclude that ot5 is 
probably not present in the cross-linked complex, because the question of 
nonrecognition due to epitope blockage would be answered.
The next step could be the purification of the proteins that were cross- 
linked to the pi integrin subunit. This could be achieved by cleaving the purified 
cross-linked complex with hydroxylamine, passing it over the W1B10 column, 
and collecting the column "flow through". The pi integrin subunit would bind to 
the column, while the other previously cross-linked proteins would emerge in 
the "flow through". The a  integrin subunit would also remain in the column, by 
virtue of its association with the pi integrin. We would have a preparation
consisting of the previously cross-linked proteins without the presence of the a  
or P integrin subunits.
This preparation could be used to immunize mice for monoclonal 
antibody production without the problems resulting from the high 
immunogenicity of the pi integrin. We would then have antibodies against the 
previously cross-linked proteins which we could, in turn, use to characterize 
their identities.
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FIGURE 1. The interaction of integrin with ECM and the cytoplasm as 
conceptualized by K. McDonald. The large extracelluar domain of integrin binds 
to ftbronectin, and the relatively small cytoplasmic domain interacts with other 
proteins, which form the indirect linkage to the actin stress fibers.
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FIGURK 2. Structure of the homobifunctional cross-linker, otln .. ne glycol 
Ws(succimidylsuccinate) (KGS) It has a molecular weight of 456.3? and a spacer 
arm length of 16.1 angstroms.
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FIGURE 3. Mechanism of cross-linking by NHS esters (e.g. EGS). At 
neutral to alkaline pH, the N-terminal or c-amino group (lysine residues) of a 
protein will react with the NHS ester to form a stable amide bond and the by­
product N-hydroxysueciniinide
FIGURE 4. Western blot using the polyclonal antibody 814 showing extent of 
cross-linking with respect to EGS concentration and incubation time. SDS-PAGE 
was performed using a 7% acrylamide gel before transfer to nitrocellulose. 
Samples in lanes 1-4 and 7-10 comprise EGS concentrations of 0.1,0.5,1.0, and 2.0 
mg/ml/respectively. Lanes 5 and 11 contain negative controls for cross-linking 
(DMSO only). Samples in lanes 1-5 were incubated for 10 minutes while the 
samples in lanes 7-11 were incubated for 20 min. Lane 6 contains molecular 
weight markers (205 kP, 116 kD, 80 kD, and 50 kD)
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FIGURE 5. Western blot using the the anti-o5 mAb, A2F7. Samples were 
separated by SDS-PAGE using a 7% acrylamide gel and transferred to 
nitrocellulose. Lane 1 contains the purified cross-linked complex while lane 2 
contains the hydroxylamine cleaved complex. The sample in lane 3 is the 
negative cross-linking control (DMSO only) and the sample in lane 4 is the 
negative control treated with hydroxylamine. Lane 3 contains molecular weight 
markers of 205 kD, 116 kD, 80 kD and 50 kD.
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FIGURE 6. Western blot using anti-a-actinin antibodies. Once again, samples 
were subjected to SDS-PAGE using a 7% acrylamide gel. Lane 1 contains 
molecular weight markers (205 kD, 116 kD, 80 kD and 50 kD), Samples in lanes 2 
and 3 are purified cross-linked complex and hydroxylamine cleaved complex, 
respectively. The negative cross-linking control is in lane 4 while the negative 
control after hydroxylamine cleavage is in lane 5. Lane 6 contains the positive 
control for a-actinin staining (tendon fibroblast extract).
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FIGURE 7 Western blot using antibodies directed against vinculin Samples 
were separated on a 7% acrylamide gel before western blotting. Lane 1 contains 
the purified cross-linked complex, while the hydroxylamine cleaved complex is 
in lane 2. The negative cross-linking control is in lane 3 and the hydroxylamine 
cleaved negative control is in lane 4. Lane 5 is the positive control for vinculin 
(chicken tendon fibroblast extract). Molecular weight markers (205 kD, 116 kD, 
80 kD, and 50 kD) are in lane 6.
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FIGURE 8. Western blot using V9C3, a mAh directed against the fil integral 
subunit. Molecular weight markers (205 kD, 116 kD, 80 kD, and 50 kD) are in 
lane 1. Cross-linked complex is loaded in lane 2 and hydroxylamine cleaved 
complex is loaded in lane 3. The negative control (DMSO only) is loaded in lane 
4, while the hydroxylamine cleaved negative control is in lane 5.
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FIGURE 9. Testing of the mouse antisera against 11 day chicken embryo 
extract by dot blot. Wells A l, A 12, and H12 were spotted with dilute alcian blue 
to preserve nitrocellulose orientation during dot blot apparatus reassembly. 1 jig 
of 11 day chicken embryo extract was loaded as antigen in all rows except row A. 
All antisera were diluted serially starting at 1:20. Antisera obtained after the 
second immunizatton Were diluted and loaded onto rows B, C, and I), while 
antisera obtained after the third immunization were diluted and loaded onto 
rows E, F, and G. Serial dilutions of the polyclonal antibody 814 were loaded 
onto row H as a positive antibody staining control.
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FIGURE 10. Testing of mouse pre-immune sera and nonspecific binding of 
antisera by dot blot. Wells AG A12, and H I2 were spotted with dilute alcian blue 
to preserve nitrocellulose orientation during dot blot apparatus reassembly. For 
antigen loading, rows B,C, and D have 1 gg of purified BSA, while rows E,F#G, 
and H have 1 jig  11 day chicken embryo extract. All sera were diluted serially 
starting from 1:20. Antisera obtained from the mice after the third immunization 
were diluted and loaded onto rows B, C, and D. Pre-immune sera from the mice 
were diluted and loaded on rows K,F, and G. Serial dilutions of the polyclonal 
antibody 814 were loaded onto row H as a positive antibody staining control.
FIGURE 11. Slot blot using mouse antisera obtained after the third 
immunization. 10 gg of 11 day chicken embryo extract were separated by SDS- 
PAGE on a 4*15% acrylamide gradient gel before transfer to nitrocellulose. Lane 
1 contains molecular weight markers (200 kD, 97 kD, 68 kD, 43 kD, 29 kD, 18 kD 
and 14 kD). Lanes 2 ,3 ,4  and 5 were blotted with antibodies against talin, a- 
actinin, vinculin, and aV, respectively. Lanes 6 ,7 ,8 ,9 , and 10 were blotted with 
serial dilutions of mouse antisera obtained after the third immunization, starting 
at a dilution of 1:2560. Lane 11 was blotted with A2F7 (anti-o5 integrin), while 
lane 12 was blotted with W1B10 (anti-fil integrin)
